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(57) ABSTRACT

A manufacturing method of a BGA, includes the steps of:
providing a semiconductor chip having electrode pads; and
removing a natural oxide film formed on the surface of each
of the electrode pads. Further, a first film comprised of a
conductive member is formed on the surface of the electrode
pad exposed by removing the natural oxide film, a wire is
connected with the first film, and part of the wire is brought
into contact with the electrode pad to form an alloy layer at the
interface between the wire and the electrode pad. The crystal
structure of the first film is comprised of a body-centered
cubic lattice or a hexagonal close-packed lattice. The cost of
the semiconductor device can be reduced while the bonding
reliability of wire bonding of the semiconductor device is
ensured.
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BONDING WIRE TO BONDING PAD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2014-
100434 filed on May 14, 2014 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

The present invention relates to a manufacturing method of
a semiconductor device and a semiconductor device, for
example, an effective technology applied to a semiconductor
device, in which wire bonding is carried out.

RELATED ART

Out of semiconductor devices including bonding wires (to
be simply referred to as “wires” hereinafter), the structure of
a semiconductor device including wires which contain cop-
per as the main component is disclosed in Japanese Patent
Unexamined Patent Application Publication No. 2013-
118310 (Patent Document 1) and Japanese Patent Unexam-
ined Patent Application Publication No. 2010-157683 (Patent
Document 2).

RELATED ART DOCUMENTS
Patent Documents
Patent Document 1

Japanese Patent Unexamined Patent Application Publication
No. 2013-118310

Patent Document 2

Japanese Patent Unexamined Patent Application Publication
No. 2010-157683

SUMMARY

To cut the cost of a semiconductor device including wires,
it is considered effective that, instead of wires made of gold
(Au), wires made of a conductive material except for gold is
used.

However, when a natural oxide film is formed on the sur-
face s of the electrode pads of a semiconductor chip, if wires
made of a conductive material except for gold are used, a
bonding failure may occur between the wires and the elec-
trode pads.

There is a method in which a conductive film made of gold
is formed on the surfaces of the electrode pads of a semicon-
ductor chip and wires are electrically connected with the
electrode pads through this conductive film. This conductive
film is, for example, a plating film, an OPM (Over Pad Met-
allization) film or an UBM (Under Bump Metallization) film.
However, in the case of the above method, since gold is used
as the material of the conductive film, it is not preferred from
the viewpoint of reducing the cost of a semiconductor device.

Then, the inventors of the present application investigated
atechnology capable of reducing the cost of a semiconductor
device while ensuring the bonding reliability of wires.
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Other objects and novel features will become apparent
from the description of this specification and the accompany-
ing drawings.

A manufacturing method of a semiconductor device
according to an embodiment of the invention includes the
steps of:

(a) providing a semiconductor chip including an electrode
pad;

(b) after the step (a), removing a natural oxide film formed
on the surface of the electrode pad; and

(c) after the step (b), forming a pad-cover film, comprised
of'a conductive member, over the surface of the electrode pad
exposed by removing the natural oxide film.

The method further includes:

(d) after the step (c), connecting a part of wire, comprised
of a conductive material containing no gold, with the pad-
cover film, and forming an alloy layer at the interface between
the wire and the electrode pad, the crystal structure of the
pad-cover film being comprised of one of a body-centered
cubic lattice and a hexagonal close-packed lattice.

A semiconductor device according to an embodiment of
the invention includes a semiconductor chip including a plu-
rality of electrode pads formed on the main surface, a plural-
ity of leads, and a plurality of wires, comprised of a conduc-
tive material containing no gold, electrically connecting the
electrode pads with the leads, respectively, in which a plural-
ity of pad-cover films, comprised of a conductive member, are
formed on the surfaces of the plurality of electrode pads,
respectively, and the plurality of wires are connected with the
electrode pads such that alloy layers are formed at the inter-
faces with the plurality of wires and the plurality of electrode
pads, respectively. Further, in the semiconductor device, the
above plurality of pad-cover films are arranged around con-
necting parts of the plurality of wires in the surfaces of the
plurality of electrode pads, respectively, and the crystal struc-
ture of each of the pad-cover films is comprised of one of a
body-centered cubic lattice and a hexagonal close-packed
lattice.

According to the above embodiment, the cost of the semi-
conductor device can be reduced while the bonding reliability
of wire bonding in the semiconductor device is ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view showing an example of the
structure of a semiconductor device (BGA) according to an
embodiment of the present invention;

FIG. 2 is a partially enlarged sectional view showing an
example of the structure of the wire bonding part of the
semiconductor device shown in FIG. 1;

FIG. 3 include a plan view and a partial sectional view
showing an example of the structure of the wire bonding part
shown in FIG. 2;

FIG. 4 is a perspective view showing an example of the
crystal structure of the first film of the semiconductor device
shown in FIG. 1;

FIG. 5 is a perspective view showing an example of the
crystal structure of the first film of the semiconductor device
shown in FIG. 1;

FIG. 6 s a perspective view showing the crystal structure of
the material of Comparative Example;

FIG. 7 is a flow chart showing an example of the pre-
process of the assembly of the semiconductor device shown
in FIG. 1;

FIG. 8 is a flow chart showing an example of the post-
process of the assembly of the semiconductor device shown
in FIG. 1;



US 9,293,436 B2

3

FIG. 9 is a sectional view showing an example of the
structure after the pad opening of the pre-process shown in
FIG. 7,

FIG.10is a sectional view showing an example of anatural
oxide film forming state in the pre-process shown in FIG. 7;

FIG. 11 is a sectional view showing an example of the
structure after the probe testing of the pre-process shown in
FIG. 7,

FIG. 12 is a sectional view showing an example of anatural
oxide film removal state in the pre-process shown in FIG. 7;

FIG. 13 is a sectional view showing an example of the
structure after the formation of the first film in the pre-process
shown in FIG. 7,

FIG. 14 is a sectional view showing an example of a pho-
toresist forming state in the pre-process shown in FIG. 7;

FIG. 15 is a sectional view showing an example of the
structure after the removal of the first film in the pre-process
shown in FIG. 7,

FIG. 16 is a sectional view showing an example of a pho-
toresist removal state in the pre-process shown in FIG. 7;

FIG. 17 is a plan view showing an example of the structure
of a substrate used in the post-process shown in FIG. 8;

FIG. 18 is a plan view showing an example of the structure
after chip die bonding in the post-process shown in FIG. 8;

FIG. 19 is a plan view showing an example of the structure
after wire bonding in the post-process shown in FIG. 8;

FIG. 20 is a plan view showing an example of the structure
after molding in the post-process shown in FIG. 8;

FIG. 21 is a sectional view showing an example of the
structure cut along the line A-A of FIG. 20;

FIG. 22 is a sectional view showing an example of the
structure at the time of ball affixing and substrate dicing in the
post-process shown in FIG. 8;

FIG. 23 is a partially enlarged sectional view showing the
structure of the wiring bonding part of Modification 1 of the
embodiment;

FIG. 24 is a partially enlarged sectional view showing the
structure of the wire bonding part of Comparative Example;

FIG. 25 includes a plan view and a partial sectional view
showing the structure of the wire bonding part of Modifica-
tion 2 of the embodiment;

FIG. 26 includes a plan view and a partial sectional view
showing the structure of the wire bonding part of Modifica-
tion 2 of the embodiment;

FIG. 27 is a plan view showing the structure of the semi-
conductor device of Modification 7 of the embodiment;

FIG. 28 is a sectional view showing the structure of the
semiconductor device shown in FIG. 27; and

FIG. 29 is a sectional view showing the structure of the
semiconductor device of Modification 7 of the embodiment.

DETAILED DESCRIPTION

In the following embodiment, a description of the same or
similar part is not repeated in principle unless it is particularly
necessary.

Further, the following embodiment is explained by divid-
ing into a plurality of sections or embodiments when it is
necessary for convenience sake. Unless it is clearly stated,
they are not unrelated to each other, and one is a modification,
details or supplementary explanation of part or all of the
other.

In the following embodiment, when the number of ele-
ments (including number, numerical value, quantity, range,
etc.) is mentioned, it is not limited to a specific number and
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may be more or less than the specific number unless it is
clearly specified or apparently limited to the specific number
in principle.

In the following embodiment, it is needless to say that the
constituent elements (including element steps, etc.) are not
always essential unless it is clearly stated and they are appar-
ently considered as essential in principle.

In the following embodiment, when expressions such as
“comprising A”, “comprised of A”, “having A and “includ-
ing A” are used for the constituent element, etc., it is needless
to say that other elements are not excluded unless it is clearly
stated that the constituent element is the only element. Simi-
larly, in the following embodiment, when the shape or posi-
tional relationship of the constituent element is mentioned, it
includes a shape or position substantially close or similar to
that shape or position unless it is clearly stated and it is
considered that it is apparently that shape or position in prin-
ciple. This can be said of the above numerical value and
range.

An embodiment of the present invention will be described
in detail hereinunder with reference to the accompanying
drawings. In all the drawings for explaining the embodiment,
the same reference symbols are given to members having the
same function and a repeated explanation thereof is omitted.
Even a plan view may be hatched in order to make it easily
understandable.

(Embodiment) FIG. 1 is a sectional view showing an
example of the structure of a semiconductor device (BGA)
according to the embodiment, FIG. 2 is a partially enlarged
sectional view showing an example of the structure of the
wire bonding part of the semiconductor device shown in FI1G.
1, and FIG. 3 includes a plan view and a partial sectional view
showing an example of the structure of the wire bonding part
shown in FIG. 2.

<Semiconductor Device> The semiconductor device
according to this embodiment shown in FIG. 1 is a semicon-
ductor package in which a semiconductor chip 12 mounted
over the top surface 20a of a package substrate 20 which is a
wiring board is resin-sealed with a sealing body 13 and elec-
trically connected with the bonding leads (leads) 20c¢ of the
package substrate 20 by wires 11.

In this embodiment, a BGA (Ball Grid Array) 10 having a
plurality of solder bumps (solder balls) 17 which will become
external connection terminals in a grid (lattice) pattern over
the under surface 204 of the package substrate 20 is taken as
an example of the above semiconductor device. The solder
bumps 17 may be provided, for example, along the periphery
of the under surface 204 of the package substrate 20.

Describing the detailed constitution of the BGA 10, the
BGA 10 has the package substrate (may also be referred to as
“BGA substrate”) 20 including the top surface 20a, the bond-
ing leads 20c which are connection terminals formed over the
top surface 20a, and the under surface (rear surface, mounting
surface) 205 opposite to the top surface 20a.

The BGA 10 further has the semiconductor chip 12
mounted over the top surface 20a of the package substrate 20,
the wires 11 electrically connecting the bonding leads 20c¢ of
the package substrate 20 with electrode pads 125 exposed to
the main surface 12a of the semiconductor chip 12, respec-
tively, and the solder bumps 17 which are external connection
terminals and provided over the under surface 206 of the
package substrate 20.

The semiconductor chip 12 mounted over the package
substrate 20 has the electrode pads 1256 which are bonding
pads in such a manner that they are exposed to the main
surface 12a.
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Over the top surface 20a of the package substrate 20, the
bonding leads 20c¢ are arranged around the semiconductor
chip 12, and the electrode pads 126 exposed to the main
surface 12a of the semiconductor chip 12 and the bonding
leads 20c are electrically connected with each other by the
respective wires 11.

As described above, the BGA 10 is a substrate type semi-
conductor package in which the semiconductor chip 12 is
mounted over the package substrate 20 and connected with
the package substrate 20 by the wires and the semiconductor
chip 12 and the wires 11 are sealed with the sealing body 13
formed from a resin.

The semiconductor chip 12 has the main surface 12a and a
rear surface 12¢ which is opposite to the main surface 12a,
arranged opposed to the top surface 20qa of the package sub-
strate 20 and fixed to the top surface 20a of the package
substrate 20 by a die bonding material 18 such as a resin paste
material.

Herein, the semiconductor chip 12 is formed from, for
example, silicon, and the electrode pads 1254 are formed from
a material containing aluminum (Al) as the main component.
Further, the wires 11 are formed from a material containing
copper (Cu) as the main component. The sealing resin for
forming the sealing body 13 is, for example, a thermosetting
epoxy resin. The external connection terminals of the BGA
10 are solder bumps 17 formed from a solder material such as
Sn—Pb-based solder or Pb-free solder, out of which Pb-free
solder is preferably used.

The package substrate 20 is a resin substrate to which, for
example, a plurality of wiring layers and a plurality of insu-
lating layers are formed on a core material such as a glass
epoxy resin.

Thus, from the electrode pads 1256 of the semiconductor
chip 12 to the solder bumps 17 which are the external con-
nection terminals of the BGA 10 are electrically connected
through the wires 11, the bonding leads 20¢ and unshown via
holes and bump lands.

A description is subsequently given of the structures of the
electrode pad 125 of the semiconductor chip 12 and the wire
bonding part 11a of the BGA 10 according to this embodi-
ment with reference to FIG. 2 and FIG. 3.

In the BGA 10, a first film (pad-cover film) 124 composed
of a conductive member is formed on the surface of the
electrode pad 125 of the semiconductor chip 12.

Herein, the electrode pad 125 of the semiconductor chip 12
is formed in such a manner that it is exposed to the main
surface 124 of the semiconductor chip 12. That is, the elec-
trode pad 125 is exposed to the opening 12/ of a passivation
film 12g which is an insulating film (protection film) made of,
for example, S10.

In this embodiment, a case where the electrode pad 126 is
made of aluminum (Al) will be explained.

A metal film such as a Ti/TiN/Ti film 12 is formed below
the electrode pad 126 made of aluminum.

As shown in FIG. 2, the first film (pad-cover film) 124 is
formed on the surface of the electrode pad 124. This first film
12dis comprised of a conductive member such as a chromium
or tungsten member and connected with the electrode pad 125
in such a manner that the wire 11 breaks the first film 124.

That is, in the semiconductor chip 12 of this embodiment,
anatural oxide film 12f'shown in FIG. 11 which is formed by
making an opening in the passivation film 12g when the
electrode pad 125 is formed and described hereinafter is first
removed to expose the pure aluminum surface of the elec-
trode pad 1254, and then the first film 124 which is stable as a
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6
pad-cover film is formed over this pure aluminum surface.
Then, the first film 12d is broken (destroyed) by the wire 11 at
the time of wire bonding.

Therefore, a plurality of broken pieces 12m of the broken
first film 12d remain in the vicinity of the bonding surface 11¢
of'the wire bonding part 11a. At the time of wire bonding, part
of'the wire 11 which is a copper wire breaks the first film 124
and contacts the pure aluminum electrode pad 125, thereby
forming an alloy layer 12e at the interface between the wire
11 and the electrode pad 125. That is, Cu of the wire 11 and Al
of'the electrode pad 125 react with each other to form a Cu/Al
layer as the alloy layer 12e.

The first film 124 is located around the connecting part
(wire bonding part 11a) to the electrode pad 1256 of the wire
11 over the surface of the electrode pad 124. In this embodi-
ment, as shown in the plan view of FIG. 3, the first film 124 is
formed over the entire surface of the electrode pad 1256. That
is, the first film 124 is formed to cover the entire surface of the
electrode pad 1264.

At this point, as shown in the sectional view of FIG. 3, the
first film 124 is formed up to an area where it contacts the
bonding surface 11¢ of the wire bonding part 11a. As shown
in the plan view of FIG. 3, when looking at the electrode pad
125 from above, the first film 124 enters the inner side of the
wire 11 from the ball diameter 115.

As shown in the plan view of FIG. 3, in an area away from
the wire bonding part 11a of the surface of the electrode pad
125, a plurality of probe marks 12k are formed by probe
testing and covered by the first film 12d.

A description is subsequently given of a condition for the
first film 124 which is formed on the surface of the electrode
pad 125 of the semiconductor chip 12.

The first film 124 is preferably comprised of a conductive
member (conductive material) and a low-resistance film. Fur-
ther, it preferably has a large hardness difference from Al and
Cu so that it is easily broken (easily fractured). That is, when
the wire 11 is pressed by the load of wire bonding at the time
of'wire bonding, the first film 124 is broken to stably bond the
wire 11 to the pure Al of the electrode pad 1264.

At this point, the first film 124 is preferably broken but does
not always need to be broken.

A description is subsequently given of the crystal structure
of the first film 124.

FIG. 4 is a perspective view showing an example of the
crystal structure (body-centered cubic lattice) of the first film
of the semiconductor device shown in FIG. 1, FIG. 5 is a
perspective view showing an example of the crystal structure
(hexagonal close-packed lattice) of the first film of the semi-
conductor device shown in FIG. 1, and FIG. 6 is a perspective
view showing the crystal structure (face-centered cubic lat-
tice) of the material of Comparative Example.

In the body-centered cubic lattice structure shown in FIG.
4, atoms 19 are situated at the apexes and the center of a cubic
unit lattice. In the hexagonal close-packed lattice structure
shown in FIG. 5, the atoms 19 are existent at the apexes of the
top surface and the bottom surface of a regular hexagonal
column and three atoms 19 are existent at a height V4 of the
total height of the regular hexagonal column. Further, in the
face-centered cubic lattice structure of Comparative Example
of FIG. 6, the atoms 19 are situated at the apexes and the
centers of the faces of a unit lattice.

Al and Cu have a face-centered cubic lattice structure.
Therefore, a crystal structure having a large hardness difter-
ence from Al and Cu so that it is easily broken is a condition
required for the first film 124 with the result that the crystal
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structure of the first film 124 of this embodiment is comprised
of'a body-centered cubic lattice or a hexagonal close-packed
lattice.

Herein, examples of the material comprised of a body-
centered cubic lattice used in the first film 124 include lithium
(Li), sodium (Na), potassium (k), vanadium (V), chromium
(Cr), iron (Fe), rubidium (Rb), niobium (Nb), molybdenum
(Mo), barium (Ba), tantalum (Ta), tungsten (W) and
europium (Eu).

Examples of the material comprised of a hexagonal close-
packed lattice used in the first film 124 include beryllium
(Be), magnesium (Mg), scandium (Sc), titanium (T1), tita-
nium nitride (TiN), cobalt (Co), zinc (Zn), yttrium (Y), zir-
conium (Zr), technetium (Tc), ruthenium (Ru) and gado-
linium (Gd). Further, examples of the material comprised of a
hexagonal close-packed lattice used in the first film 124
include terbium (Tb), dysprosium (Dy), holmium (Ho),
erbium (Er), thulium (Tm), hafnium (Hf), rhenium (Re) and
osmium (Os).

When the first film (pad-cover film) 124 is expressed by
another definition, it is made of a passive metal (valve metal).
The term “passive” means a state in which an oxide film
resisting a corrosion function is formed on the surface of a
metal, and the term “passive metal” means a metal which
tends to become passive. That is, the passive metal is a metal
which has a stable surface, is hardly oxidized and can keep
bonding strength, such as chromium, titanium or tungsten.

As understood from above, the material of the first film
(pad-cover film) 124 is preferably chromium, titanium or
tungsten when breaking ease is taken into account and most
preferably chromium from the viewpoint of corrosion resis-
tance.

Chromium hardly diffuses even at a high temperature.
Chromium hardly produces Kerkendall voids which are voids
formed by a diffusion phenomenon. Therefore, the first film
124 in this embodiment is most preferably a chromium film.

A description is subsequently given of the assembly of the
semiconductor device of this embodiment.

FIG. 7 is a flow chart showing an example of the pre-
process (method for manufacturing a semiconductor chip) of
the assembly of the semiconductor device shown in FIG. 1,
and FIG. 8 is a flow chart showing an example of the post-
process (method for manufacturing BGA) of the assembly of
the semiconductor device shown in FIG. 1. FIGS. 9 to 16
show a method for manufacturing a semiconductor chip. FIG.
9 is a sectional view showing an example of the structure after
pad opening in the pre-process shown in FIG. 7, FIG. 10 is a
sectional view showing an example of a natural oxide film
forming state in the pre-process shown in FIG. 7, FIG. 11is a
sectional view showing an example of the structure after
probe testing in the pre-process shown in FIG. 7, and FIG. 12
is a sectional view showing an example of a natural oxide film
removal state in the pre-process shown in FIG. 7.

Further, FIG. 13 is a sectional view showing an example of
the structure after the formation of the first film in the pre-
process shown in FI1G. 7, FIG. 14 is a sectional view showing
an example of a photoresist forming state in the pre-process
shown in FIG. 7, FIG. 15 is a sectional view showing an
example of the structure after the removal of the first film in
the pre-process shown in FIG. 7, and FIG. 16 is a sectional
view showing an example of a photoresist removal state in the
pre-process shown in FIG. 7.

FIGS. 17 to 22 show a method for manufacturing a semi-
conductor device (BGA). FIG. 17 is a plan view showing an
example of the structure of a substrate used in the post-
process shown in FIG. 8, FIG. 18 is a plan view showing an
example of the structure after chip die bonding in the post-
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process shown in FIG. 8, FIG. 19 is a plan view showing an
example of the structure after wire bonding in the post-pro-
cess shown in FIG. 8, and FIG. 20 is a plan view showing an
example of the structure after molding in the post-process
shown in FIG. 8. Further, FIG. 21 is a sectional view showing
an example of the structure cut along the line A-A of FIG. 20,
and FIG. 22 is a sectional view showing an example of the
structure at the time of ball affixing and substrate dicing in the
post-process shown in FIG. 8.

<Pad Opening> “Pad opening” shown in the step S1 of
FIG. 7 is carried out. At this point, as shown in FIG. 9, a
semiconductor wafer having a plurality of chip areas (semi-
conductor chips) with a plurality of electrode pads 125 is
provided, and a passivation film 12g which is an insulating
film and a TiN layer 124 formed over the electrode pad 126 in
each chip area in this wafer state are removed to form an
opening 12; so that the electrode pad 125 made of a material
containing Al as the main component is exposed to the open-
ing 12/ . A Ti/TiN/Ti film 12i is formed below the electrode
pad 125. At this point, the passivation film 12g is removed by,
for example, sputter etching (technology for removing a
material by causing gas ions having an etching function to
collide with the surface of the material).

<Probe Testing (P Testing)> After the above pad opening,
“W testing P testing” (probe testing) shown in the step S2 of
FIG. 7 is carried out. At this point, a probe needle (not shown)
is brought into contact with the electrode pad 1256 shown in
FIG. 7 to carry out a conduction test. Stated more specifically,
as shown in FIG. 3, the above probe needle is brought into
contact with an area outside the wire bonding part 11a of the
electrode pad 1256, whereby a plurality of probe marks 124
shown in FIG. 11 are formed.

After the above passivation film 12g is removed, along with
the passage oftime, as shown in FIG. 10 and FIG. 11, a natural
oxide film 12fis formed on the surface (exposed surface, wire
bonding surface) of the exposed electrode pad 12b. This
natural oxide film 12f'is made of, for example, Al,O;.

<Oxide Film Removal/Film Formation> After the above
probe testing, “oxide film removal/film formation” shown in
the step S3 of FIG. 7 is carried out.

As shown in FIG. 12, the natural oxide film 12f'shown in
FIG. 11 formed on the surface (exposed surface, wire bonding
surface) of the electrode pad 125 is first removed, thereby
exposing the Al electrode pad 125.

At this point, in this embodiment, the natural oxide film 12/
is removed in a vacuum atmosphere. For example, a sputter-
ing apparatus is used to remove (sputter etch) this natural
oxide film 12f'in a vacuum atmosphere in the vacuum pro-
cessing chamber (vacuum chamber) of this sputtering appa-
ratus. In other words, the sputtering apparatus is used to etch
the natural oxide film 12/

After the natural oxide film 12fis removed, a first film
(pad-cover film) 124 comprised of a conductive member
shown in FIG. 13 is formed on the surface (exposed surface,
wire bonding surface) of the electrode pad 125 exposed by
removing the natural oxide film 12f

Atthis point, it is preferred that, in the sputtering apparatus
used to remove the natural oxide film 12f'and while keeping
the vacuum state, the first film 124 should be formed without
contacting air after moving into a vacuum processing cham-
ber for film formation.

That is, in the vacuum processing chambers of the sputter-
ing apparatus, the removal of the natural oxide film 12f'and
the formation of the first film (sputtered film) are carried out
continuously.
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Thereby, it is possible to prevent the formation of an oxide
film over the outermost surface of the electrode pad 125 made
of Al.

Further, since the removal of the natural oxide film 12fand
the formation of the first film 124 are carried out continuously
so as to form the first film 12d over the surface (exposed
surface, wire bonding surface) of the electrode pad 126 by
sputtering in the same vacuum atmosphere, film formation
processing can be carried out efficiently.

Herein, the first film (pad-cover film) 124 has a crystal
structure comprised of a body-centered cubic lattice or a
hexagonal close-packed lattice. Since Al (electrode pad 125)
and Cu (wire 11) are comprised of a face-centered cubic
lattice, a crystal structure which has a large hardness difter-
ence from Al and Cu so that the crystal structure can be easily
broken is a condition required for the first film 124.

Therefore, the crystal structure of the first film 124 is
comprised of a body-centered cubic lattice or a hexagonal
close-packed lattice.

As an example, the first film 124 is made of chromium,
tungsten or titanium.

In the structure shown in FIG. 13, the first film 124 is
formed over the electrode pad 124 and also the passivation
film 12g.

After the first film 124 is formed, as shown in FIG. 14, a
photoresist film 12/ is formed. That is, the photoresist film
12/ is formed over the first film 124 over the area of the
electrode pad 125.

Then, as shown in FIG. 15, after the photoresist film 12/ is
formed, the first film 124 protruding outward from above the
area of the electrode pad 1254 as shown in FIG. 14 is removed
by using the photoresist film 12/ as a mask. At this point, for
example, the sputtering apparatus is used to remove (sputter
etch) the first film 124. Further, after the protruding first film
12d is removed, the photoresist film 12/ is removed to expose
the first film 124 over the electrode pad 125 as shown in FIG.
16. The removal of the protruding first film 124 shown in FIG.
15 and the removal of the photoresist film 12/ shown in FIG.
16 may be carried out by etching using an etching apparatus.

Thereby, the first film 124 is formed over each of the
electrode pads 125 of each chip area (semiconductor chip 12)
in the wafer.

<Backgrinding> After the above oxide film removal/film
formation, backgrinding shown in the step S4 of FIG. 7 is
carried out. That is, the rear surface of the wafer is ground to
reduce the thickness of the wafer to a desired value. Thereaf-
ter, as shown in the step S5, the post-process comes next. That
is, the assembly of the BGA 10 of FIG. 1 which is an example
of the semiconductor device comes next.

<Dicing> In the assembly process (post-process) of the
BGA 10 shown in FIG. 1, “dicing” shown in the step S11 of
FIG. 8 is first carried out. That is, the wafer having a desired
thickness formed by backgrinding in the step S5 of FIG. 7 is
diced to be divided into individual semiconductor chips 12
(segmentation).

Meanwhile, a multipiece substrate 14 shown in FIG. 17 is
provided to form the BGA 10. That is, the multipiece sub-
strate 14 having a plurality of device areas 14¢ over the top
surface 14a is provided. The device areas 14¢ are formed in a
matrix, and a plurality of holes 14d are formed in the periph-
eral part of the substrate. The holes 14d are used for the
positioning of the multipiece substrate 14.

The BGA 10 of this embodiment is a semiconductor device
which is assembled by using the multipiece substrate 14. At
this point, as for a sealing step (molding step) for the assem-
bly of this embodiment, a case where resin sealing is carried
out by so-called “batch molding system” in which a resin is
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supplied into a cavity while the semiconductor chips 12
mounted in the device areas 14¢ are covered by the single
cavity (not shown) will be explained. The above molding
system is not limited to the batch molding system.

<Chip Die Bonding> After the above dicing, “chip die
bonding” shown in the step S12 of FIG. 8 is carried out. That
is, as shown in FIG. 18, the semiconductor chips 12 are
mounted in the respective device areas 14¢ of the multipiece
substrate 14. Thereby, the semiconductor chips 12 are
mounted over the top surface 14a of the multipiece substrate
14.

The semiconductor chips 12 are fixed to the substrate by
the die bonding material 18 as shown in FIG. 1.

<Wire Bonding> After the above chip die bonding, “wire
bonding” shown in the step S13 of FIG. 8 is carried out. At this
point, as shown in FIG. 19, the electrode pads (see FIG. 1) 125
of the semiconductor chips 12 and the bonding leads (see
FIG. 1) 20¢ corresponding to these are electrically connected
with each other by bonding wires 11, respectively.

The wires 11 are, for example, Cu wires.

In the wire bonding of this embodiment, as shown in FIG.
2, the wire 11 is connected with the first film 124 over the
electrode pad 125 of the semiconductor chip 12, and part of
the wire 11 is brought into contact with the electrode pad 1256
to form the alloy layer 12e at the interface between the wire 11
and the electrode pad 1264.

Further, at the time of wire bonding, the first film 124 is
broken by the wire 11, whereby the pure Al electrode pad 1256
and the Cu wire (wire 11) are electrically connected with each
other.

Therefore, broken pieces 12m of the first film 124 remain
around the interface between the electrode pad 125 and the
wire bonding part 11a.

As described above, the Al electrode pad 125 and the wire
11 are connected with each other by breaking (destroying) the
first film 124 with the wire 11 in the wire bonding of this
embodiment, thereby making it possible to form the alloy
layer 12¢ made of Cu and Al at the interface between the wire
11 and the electrode pad 125.

Thereby, the bonding strength of the Cu wire (wire 11) can
be ensured with the result that the bonding reliability of wire
bonding of the BGA 10 can be ensured.

The first film 12d is preferably broken by the wire 11 but
not always need to be broken, and the wire 11 and the elec-
trode pad 126 may not be electrically connected with each
other through the first film 12d. When the wire 11 and the
electrode pad 125 are connected with each other through the
first film 124, high bonding reliability can be obtained as
compared with a case where the wire 11 and the electrode pad
125 are connected with each other through an oxide film.

<Molding> After wire bonding, “molding” shown in the
step S14 of FIG. 8 is carried out. Molding in this embodiment
is batch molding as described above.

Thereby, as shown in FIG. 20, a batch sealing part 16 is
formed over the top surface 14a of the multipiece substrate
14, and as shown in FIG. 21, the semiconductor chips 12 are
sealed with the batch sealing part 16.

<Ball Affixing> After molding, “ball affixing” shown in the
step S15 of FIG. 8 is carried out. That is, as shown in FIG. 22,
a plurality of solder bumps (solder balls) 17 are formed as
external connection terminals over the under surface 1456 of
the multipiece substrate 14.

Lead-free solder is preferably used as a solder material
used for the solder bumps 17. By employing lead-free solder,
environmental load can be reduced. Herein, the term “lead-
free solder” means solder having a lead (Pb) content 0of 0.1 wt



US 9,293,436 B2

11

% or less, and this content is defined as the standard of the
RoHS (Restriction of Hazardous Substances) Directive.

<Marking> After ball affixing, “marking” shown in the
step S16 of FIG. 8 is carried out. For example, a predeter-
mined production number or management number is marked
by applying a laser beam to the top part of the batch sealing
part 16.

<Substrate Dicing> After marking, “substrate dicing”
shown in the step S17 of FIG. 8 is carried out. That is, the
batch sealing part 16 and the multipiece substrate 14 shown in
FIG. 22 are diced for each device area unit by a dicing blade
15 to be divided.

Thereby, they are divided into the BGA’s 10 shown in FIG.
1.

<Testing> After substrate dicing, “testing” shown in the
step S18 of FIG. 8 is carried out. That is, a test such as an
operation test is carried out on the separated BGA’s 10.
Thereby, non-defective products are selected.

<Appearance> After testing, “appearance” shown in the
step S19 of FIG. 8 is carried out. That is, the appearance of the
BGA 10 selected by testing is inspected, thereby completing
the assembly of the BGA 10 shown in FIG. 1.

In the manufacturing method of the BGA 10 and the BGA
10 according to the embodiment, the first film 12d such as a
chromium film is formed on the surface of the electrode pad
125 which is formed in the main surface 12a of the semicon-
ductor chip 12 and from which the natural oxide film 12fhas
been removed and destroyed to bond the Cu wire (wire 11) to
the electrode pad 125.

At this point, the first film 12d such as a chromium or
tungsten film has a large hardness difference from Al and Cu
so that it is easily broken.

Therefore, since the wire 11 is bonded to the pure Al
surface of the electrode pad 125, the bonding part between the
wire 11 and the electrode pad 125 can be stabilized.

As a result, the bonding reliability of wire bonding of the
BGA 10 can be ensured.

Further, by bonding the wire 11 to the pure Al surface of the
electrode pad 125, electric resistance can be reduced, thereby
making it possible to improve the electrical properties of the
wire bonding part 11a.

By using the wire 11 such as a Cu wire except for a gold
wire, the cost of the BGA 10 can be reduced. That is, the cost
of'the BGA 10 can be reduced while the bonding reliability of
wire bonding of the BGA 10 is ensured.

<Modifications> While the invention made by the inven-
tors of the present invention has been described in detail based
on the embodiment, it is to be understood that the invention is
not limited to the embodiment which has been described
above and that various modifications may be made in the
invention without departing from the spirit and scope thereof.

(Modification 1) FIG. 23 is a partially enlarged sectional
view showing the structure of the wire bonding part of Modi-
fication 1 of the embodiment, and FIG. 24 is a partially
enlarged sectional view showing the structure of the wire
bonding part of Comparative Example.

FIG. 24 shows the structure which was compared and
investigated by the inventors of the present application. In
Modification 1, a measure for a semiconductor chip 12 which
requires thick Al electrode pads 125 in consideration of elec-
tric properties will be explained. In the semiconductor chip 12
having thick Al electrode pads 124, a pad splash 12z (emboss-
ment of the electrode pad 125) tends to be formed around the
wire bonding part 11a of the electrode pad 1264.

The pad splash 127 tends to become large in the case of the
thick electrode pad 125. However, when the thickness of the
electrode pad 1254 is reduced, the thickness of the pad below
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the wire bonding part 11a becomes small. Accordingly, base
damage may occur. Therefore, it is difficult to increase bond-
ing load at the time of wire bonding.

Then, as shown in FIG. 23, an intermediate film (second
film) having high hardness is formed in the thickness direc-
tion of the electrode pad 125. The intermediate film 12p does
not need to be located at an intermediate position in the
thickness direction of the electrode pad 126 and may be
formed on an upper layer side or a lower layer side in the
thickness direction of the electrode pad 124.

The intermediate film 12p is comprised of a conductive
member. When the intermediate film 12p is formed in the
electrode pad 124, the stiffness of the electrode pad 1256 can
be strengthened. Also, the pad splash 127 can be suppressed.
Further, damage to the substrate can be reduced.

(Modification 2) In the above embodiment, the first film
124 is formed over the entire surface of the electrode pad 126
as shown in FI1G. 3. As shown in FIGS. 25 and 26, the first film
124 may be formed only in an area where the wire 11 is to be
bonded (area where the wire bonding part 11a is to be
bonded).

FIGS. 25 and 26 are plan views and partial sectional views
showing the structure of the wire bonding part of Modifica-
tion 2 of the embodiment.

As for the structure shown in FIG. 25, the first films 124 are
ring-shaped. A plurality of (for example, two) the ring-shaped
first films 124 having different ring diameters are formed
concentrically. At this point, the ring-shaped first films 124
are not connected with each other and each divided into, for
example, four.

That is, the separate first films 124, and the natural oxide
films 12f arranged around the first films 124 are in contact
with the wire bonding part 11a, whereby the separate first
films 124 are easily broken as the number of the interfaces of
the first films 124 at the respective ends increases.

Further, the ring-shaped first films 124 and the natural
oxide films are divided according to a load distribution since
they differ in the amount of applied load according to the
distance from right below a capillary (not shown) as a bond-
ing tool. Therefore, as compared with a case where the natural
oxide film 12fis formed, the bonding properties of the wire 11
can be enhanced.

As for the structure shown in FIG. 26, the first film 124 is
divided into a plurality of small squares in the plan view. Also
in this case, the divided first films 124 and the natural oxide
films 12f arranged around the first films 124 are in contact
with the wire bonding part 11a. Like the structure shown in
FIG. 25, the divided first films 124 are easily broken since the
number of the interfaces of the first films 124 at the respective
ends increases.

That is, by dividing the pattern of the first film 124 in
contact with the wire bonding part 114, the divided first films
124 and the natural oxide films 12f around the first films 124
come in contact with the wire bonding part 11a with the result
that the number of the interfaces of the first films 124 at the
ends (peripheries) increases. Thereby, the first films 12d can
be easily broken.

(Modification 3) In the above embodiment, the first film
(pad-cover film) 124 consists of a single layer. The first film
124 may consist of a plurality of layers. For example, it may
have a two-layer structure consisting of an upper chromium
layer and a lower copper layer, whereby the copper layer
underlies the chromium layer, thereby making it possible to
enhance its bonding force to the Cu wire (wire 11).

The first film 124 may consist of a mixed layer (single
layer) made of chromium and copper. Further, it may be made
of'a compound (single layer) containing chromium.
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(Modification 4) In the above embodiment, the electrode
pad 125 of the semiconductor chip 12 is made of a material
containing aluminum as the main component and the wire 11
is made of a material containing copper as the main compo-
nent. The main component of the electrode pad 125 and the
main component of the wire 11 may be any material other
than the above materials except for gold (Au).

For example, they may be a combination of a wire 11
containing aluminum as the main component and an elec-
trode pad 124 containing aluminum as the main component,
or a combination of a wire 11 containing aluminum as the
main component and an electrode pad 1256 containing copper
as the main component. Further, they may be a combination
of a wire containing silver as the main component and an
electrode pad 125 containing aluminum as the main compo-
nent, a combination of a wire 11 containing silver as the main
component and an electrode pad 125 containing copper as the
main component, or a combination of a wire 11 containing
copper as the main component and an electrode pad 125
containing copper as the main component.

Further, as a combination other than the above combina-
tions, a combination of a wire 11 made of a material except for
gold and an electrode pad 125 made of a material except for
gold may be used.

(Modification 5) In the above embodiment, as a method for
removing the natural oxide film 12/ formed on the surface of
the electrode pad 124 of the semiconductor chip 12, sputter
etching using a sputtering apparatus is employed to remove
the natural oxide film 12f. The removal of the natural oxide
film 12 may be carried out by, for example, etching using an
etching apparatus.

(Modification 6) In the above embodiment, after the natu-
ral oxide film 12fis removed, the first film 12d is formed on
the surface (fresh surface) of the newly exposed electrode pad
125 by sputtering using a sputtering apparatus. The formation
of the first film 124 may be carried out by, for example,
plating.

(Modification 7) In the above embodiment, the semicon-
ductor device is the BGA 10. The above semiconductor
device may be a QFP (Quad Flat Package) which is
assembled by using lead frames or a QFN (Quad Flat Non-
leaded Package).

FIG. 27 is a plan view showing the structure of the semi-
conductor device of Modification 7 of the embodiment, FIG.
28 is a sectional view showing the structure of the semicon-
ductor device shown in FIG. 27, and FIG. 29 is a sectional
view showing the structure of the semiconductor device of
Modification 7 of the embodiment.

The semiconductor device shown in FIG. 27 and FIG. 28 is
a so-called QFP 21 in which a plurality of outer parts 235
which will become external connection terminals project
from the four sides of a sealing body 22 having a substantially
square planar shape.

In the QFP 21, the semiconductor chip 12 is mounted over
a tab 23c¢, and the electrode pads 125 of the semiconductor
chip 12 and a plurality of inner parts 23a are electrically
connected with each other by the wires 11. The semiconduc-
tor chip 12 and the wires 11 are resin sealed with the sealing
body 22 made of a sealing resin.

Even in this QFP 21, the first film 124 is formed on the
surface of the electrode pad 125 of the semiconductor chip 12
and broken at the time of wire bonding to connect the wire 11
with the electrode pad 124, thereby making it possible to
ensure the bonding reliability of wire bonding of the QFP 21.

Then, the semiconductor device shown in FIG. 29 is a
so-called QFN 24 in which a plurality of leads 25 which will
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become external connection terminals are exposed to the rear
surface of the sealing body 22 having a substantially square
planar shape.

Also in the QFN 24, the semiconductor chip 12 is mounted
over the tab 23¢, and the electrode pads 125 of the semicon-
ductor chip 12 and the leads 25 are electrically connected with
each other by the wires 11. The semiconductor chip 12 and the
wires 11 are resin sealed with the sealing body 22 made of a
sealing resin.

Even in this QFN 24, the first film 124 is formed on the
surface of the electrode pad 125 of the semiconductor chip 12
and broken at the time of wire bonding to connect the wire 11
with the electrode pad 124, thereby making it possible to
ensure the bonding reliability of wire bonding of'the QFN 24.

(Modification 8) In the above embodiment, the solder
bumps 17 are formed as the external connection terminals of
the semiconductor device (BGA 10), and a solder material
used for the solder bumps 17 is lead-free solder containing
substantially no lead (Pb). The above solder material may be
a solder material containing lead such as Sn-Pb-based solder.
When an environmental contamination problem is taken into
consideration, a solder material comprised of the above lead-
free solder is preferably used.

(Modification 9) Further, a combination of the above modi-
fications may be used without departing from the scope of the
technical idea described in the above embodiment.

What is claimed is:

1. A manufacturing method of a semiconductor device,
comprising the steps of:

(a) providing a semiconductor chip including an electrode

pad;

(b) after the step (a), removing a natural oxide film formed
on the surface of the electrode pad;

(c) after the step (b), forming a pad-cover film, comprised
of a conductive member, over the surface of the elec-
trode pad exposed by removing the natural oxide film;
and

(d) after the step (c), connecting a part of wire, comprised
of a conductive material containing no gold, to the pad-
cover film, and forming an alloy layer at the interface
between the wire and the electrode pad, wherein

the crystal structure of the pad-cover film is comprised of
one of a body-centered cubic lattice and a hexagonal
close-packed lattice, and

in the step (d), the pad-cover film is broken to connect the
wire with the electrode pad.

2. The manufacturing method of a semiconductor device

according to claim 1,

wherein the pad-cover film is comprised of chromium,
titanium or tungsten.

3. The manufacturing method of a semiconductor device

according to claim 1,

wherein in the step (b), the natural oxide film is removed in
a vacuum atmosphere, and

wherein in the step (c), the pad-cover film is formed in the
vacuum atmosphere without making the vacuum atmo-
sphere of the step (b) open to air.

4. The manufacturing method of a semiconductor device

according to claim 3,

wherein in the step (b), the natural oxide film is removed by
sputter etching.

5. The manufacturing method of a semiconductor device

according to claim 1,

wherein in the step (c), the pad-cover film is formed over
the entire surface of the electrode pad.

6. The manufacturing method of a semiconductor device

according to claim 1,
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wherein the electrode pad is comprised of a material con-
taining aluminum as the main component, and

wherein the wire is comprised of a material containing
copper as the main component.

7. A semiconductor device comprising:

a semiconductor chip including:
a main surface, and
aplurality of electrode pads formed on the main surface;

a plurality of leads arranged around the semiconductor
chip; and

a plurality of wires, comprised of a conductive material
containing no gold, electrically connecting the electrode
pads with the leads, respectively,

wherein a plurality of pad-cover films, comprised of a
conductive member, are formed on surfaces the plurality
of electrode pads, respectively,

wherein the plurality of wires are directly connected with
the plurality of electrode pads through broken areas of
the pad-cover films where the electrode pads are
exposed such that alloy layers are formed at the inter-
faces between the plurality of wires and the plurality of
electrode pads, respectively, and

wherein the crystal structure of each of the pad-cover films
is comprised of one of a body-centered cubic lattice and
a hexagonal close-packed lattice.

8. The semiconductor device according to claim 7,

wherein the pad-cover film is comprised of chromium,
titanium or tungsten.

9. The semiconductor device according to claim 7,

wherein the electrode pad is comprised of aluminum and
the wire is comprised of a material containing copper as
the main component.

#* #* #* #* #*

10

15

20

25

30

16



